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Histologic examination of the sexual skin of
the rhesus monkey during the period of swelling
due to estrogen stimulation has revealed evidence
of partial depletion of the tissue mast cells (1).
A mucoprotein was noted in the intercellular
spaces during this period. Chain and Duthie (2)
identified this mucoid material as hyaluronic
acid. Schiller and Dorfman studied the effects
of several hormones (3a, 3b, 3c) on the turnover
of hyaluronic acid and chondroitinsulfuric acid
in rats. Topical application of cstradiol to the
skin of hairless rhino mice produced non-pitting
edema, which histologically resembled the mu-
cinous material seen in the sexual skin of the
monkey (4). Schiff and Burns (5) studying biopsy
specimens from the mucous membranes of pa-
tients undergoing tonsillectomy, noted an in-
creased number of tissue mast cells and increase
of tissue acid mucopolysaccharide in patients
receiving 20 mg. of Premarin intravenously pre-
operatively. There was a steady increase in both
elements during the first 4 hours after surgery,
and a decrease by S hours. These changes were
not observed in the operated control group not
given Premarin. The authors concluded that
conjugated estrogen appeared to exert a pro-
tective effect on tissue mast cells with resultant
increase in total cell count and increased mast cell
granule storage.
This study was undertaken to assess by double
blind technic, the effect of topically applied
estronc and prcgncnolonc on the mast cell
population and tissue acid mucopolysaccharide
content of the skin of hairless mice. Hairless
mice were a selected strain genetically unable to
grow a normal coat of hair and were found suit-
able test animals to evaluate the effects of topi-
cally applied medicaments.
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MATEEJAL5 AND METHODS
Histologic examination was made of skin of
hairless mice of the HR/Bio strain obtained
through Bio-research Consultants, Inc., 9 Com-
mercial Avenue, Cambridge, Massachusetts.
Forty-five female mice of the same age were di-
vided into nine groups of 5 mice each by an in-
dependent second party as follows: Group A:
0.64 per cent pregnenolone in 90/10 alcobol/
propylene glycol; Group B: 0.04 per cent preg-
nenolone in 90/10 alcohol/salt; Group C: 0.04 per
cent estrone in 90/10 alcohol/salt; Group D:
0.0025 per cent cstrone in 90/10 alcohol/salt;
Group E: 0.01 per cent estrone in 90/10 alcohol/
salt; Group G: 90/10 alcohol/salt; Group H: 0.5
per cent pregnenolone cream; Group J: Cream
base; Group I: 0.0035 per cent estrone cream.
Each animal was treated for a 30-day period by
daily inunction of the respective hormone to the
dorsal skin. At the end of this time the mice were
sacrificed and surgical sections obtained and
fixed in 10 per cent formalin. In addition, frozen
sections were employed for fat detection. The
tissues were embedded in paraffin, sectioned and
stained by hematoxylin and eosin, Rhinehart
Abul-Haj, polychrome methylene blue, periodic
acid Schiff, Mallory, Verhoeff and Sudan III
methods. The sections were coded so that the
examiner knew merely the correct sequence of
biopsy specimens in each series. Only after mor-
phologic interpretations were completed and set
down in writing was the material uncoded and
grouped according to the steroid administered.
The sections were assessed for the following
morphologic and staining criteria: 1) keratiniza-
tion, thickness and mitotic activity of the
epidermis; 2) pigmentation; 3) size and number
of sebaceous, apocrine glands and hair follicles;
4) size and stainability of connective tissue fibers;
5) presence of elastic fibrils; 6) interstitial edema;
7) infiltration in the dermis; 8) vascularity; 9)
degree of mast cell degranulation; 10) deposition
of acid mucopolysaceharide; 11) deposition and
distribution of glycogen; 12) distribution and
stainability of fat.
Differences between stained sections were
described in a spectrum from "normal" to "mild,"
"moderate" and "strong" intensity of response.
The responses were weighted on a scale of 0, 1, 2
and 5 which approximated quantitatively the
relative intensity of response. Zero represented
normal or no response, and 5 was equivalent to
strong intensity. Individual responses were added
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TABLE I
Sum of scores of 5 mice
A* B C D E G H I J
Acid mucopoly- 0 2 21 19 16 2 0 2 0
saccharide
Degranulation mast 2 12 18 21 15 10 4 5 3
cell
Epidermal thickness 1 0 0 0 0 2 4 5 4
Dermaledema 1 2 7 3 1 2 4 1
Sebaceousgland 0 2 0 0 —2 5 3 4 3
activity
* 4 mice in group.




In Groups C, D and E, where concentrations
of 0.04 per cent, 0.025 per cent and 0.01 per cent
estrone in alcohol/salt were employed, there was
a statistically significant increase in acid mueo-
polysaccharide of moderate to strongintensity in
14 of 15 mice. Sum of Scores value was 21, 19
and 16 for Groups C, D and E respectively (see
table I). Intense blue staining which mechanically
separated collagen fibers was noted in the entire
dermis by Rhinehart Abul-Haj method (see
figure 2). The production of acid mueopolysac-
charide appeared unrelated to the concentration
of estrone in alcohol/salt, occurring with almost
equal lEtensity of response at all concentrations.
Pregnenolone, alone and in combination with
cream base, and estrone cream all failed to
stimulate acid mucopolysaccharide (see figure 4).
iliast Cell Degranulation
The increase in acid mueopolysaceharide was
correlated with the extensive degranulation of
mast cells noted by polychrome methylene blue
stain in Groups C, D, and E. Twelve of 15
animals treated with estrone alcohol/salt showed
moderate to heavy degranulation (see figure 1).
The Sum of Scores value was 18, 21 and 15 for
Groups C, D and E respectively. However
Group G alcohol/salt control and Group B
pregnenolone alcohol/salt both demonstrated
mast cell degranulation with Sum of Scores
value of 10 and 12 respectively. The number and
distribution of mast cells was quite variable in
and between the groups studied
Group A (pregnenolone alcohol/propylene
glyeol) failed to show degranulation. This would
suggest that the salt rather than the alcohol sol-
vent, pregnenolone or estrone was responsible for
the degranulation. 0.64 per cent pregnenolone in
90/10 alcohol propylene glycol failed to pro-
duce degranulation, whereas 0.04 per cent preg-
nenolone in 90/10 alcohol/salt was able to cause
mast cell degranulation. The salt was the only
distinguishing variable between the two groups,
despite the higher concentration of pregnenolone
in Group A.
In Groups C, D and E (estrone in alcohol/salt)
where degranulation was most pronounced, the
acid mucopolysaceharide was also most notable.
In Group B (pregnenolone alcohol/salt (see figure
F'o. 1. Photomicrograph of section stained with polyehrome methylene blue X 400 is from skin of
hairless mouse to which 0.04% estrone in alcohol/salt was applied. Shows degranulating mast cells and
metachromatic granules scattered in the surrounding dermis.
F'o. 2. Photomierograph of section stained with Rhinehart Ahul-Haj stain 1< 400 of hairless mouse
skin to which 0.04% estrone in alcohol/salt was applied. Shows the extensive blue staining acid muco-
polysaecharide in the lower dermis.
Fio. 3. Photomicrograph of section stained with polychrome methylene blue stain X 400 of hairless
mouse to which 0.04% pregnenalone in alcohol/salt was applied. Shows intact mast cells with very slight
degranulation.
Fxo. 4. Photomicrograph of section stained with Rhinehart Abul-Haj stain X 400 from skin of hairless
mouse to which 0.04% pregnenalone in alcohol/salt was applied. Shows minimal acid mucopolysac-
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TABLE II
Number of Mice Responding with Moderate to Strong Intensity
A B C D E G H J J
Acid mucopoly- 0/4 0/5 4/5 5/5 5/5 0/5 0/5 0/5 0/5
saccharide
Degranulation mast 0/4 4/5 4/5 4/5 4/5 3/5 0/5 2/5 1/5
cell
Epidermal thickness 1/4 0/5 0/5 0/5 0/5 2/5 4/5 5/5 4/5
Dermal edema 1/4 2/5 5/5 4/5 3/5 2/5 2/5 3/5 1/5
Sebaceous gland 0/4 1/5 1/5 0/5 0/5 4/5 3/5 4/5 3/5
activity
LEaxan: Group A—0.64% pregnenolone in alcohol/propylene glycol
Group B—0.04% pregnenolone in alcohol/salt
Group C—0.04% estrone in alcohol/salt
Group D—0.0025% estrone in alcohol/salt
Group E—0.01% estrone in alcohol/salt
Group G—aleohol/salt control
Group 11—0.5% pregnenolone cream
Group 1—0.0035% estrone cream
Group J—cream control
3) and G (alcohol salt control) where there was
moderate mast cell depletion, acid mucopolysac-
charide was insignificant.
Dermal Edema
Taken individually for Groups C, D and E
the mild degree of dermal edema is not statisti-
cally significant but the trend is apparent. Twelve
of 15 mice (80%) in Group C, D and E showed
mild to moderate edema. The Sum of Scores
value was 8, 7 and 3, respectively, for the group.
In only 9 of 29 (31%) non-estrone treated mice
was there evidence of dermal edema. The dermal
edema seemed both related to the degranulation
of mast cells and the release of acid mucopoly-
saccharide though a causal relation could not be
abolutely established from the material available.
Where the degranulation and acid mucopoly-
saccharide seemed most intense, the dermal
edema was also most notable.
Epidermal Thichness
There was a statistically significant increase in
epidermal thickness in all mice treated with topi-
cal cream base. Epidermal thickness was his-
tologically noted by the increase from two to
three layers in normal to four to six layers in
treated group. The changes produced by the
cream base were not different when estrone or
pregnenolonc were added. A comparison between
all cream-treated Groups revealed that 13 or 15
mice evidenced increased cpidcrmal thickness as
contrasted with 3 of 29 solvent treated mice.
Sebaceous Gland Activity
Ten of 15 mice receiving the cream base
showed evidence of increased number of sebaceous
glands. Only 2 of 19 mice treated with solvent
base demonstrated increased activity, but 4 of 5
alcohol/salt treated mice showed increased
number and activity negating any significance
to this finding.
DI5cussIoN
The two most important constituents of con-
nective tissue ground substance arc chondroitin
sulfuric acid and hyaluronic acid. They are
mucopolysacharides and possess considerable
electrolyte binding properties. Mast cells syn-
thesize and by their degranulation release both
hyaluronic acid and chondroitin sulfuric acid.
Hyaluronic acid is sulfur free and possesses
strong water-binding capacities while chondroitin
sulfuric acid is more viscous and possesses less
affinity for water (6). Histamine also occurs in
mast cells and its release causes local vasodilata-
tion. Serotonin is purported to occur in animal
mast cells and may play a role in the main-
tenance of normal amount of tissue water.
Tissue acid mucopolysaccharidc seems to
quantitatively decrease in rats treated with
parenteral and percutaneously applied estrogen
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(7, 8, 9); however, mice seem to respond by
increased production of tissue hyaluronic acid
(10, 11). The accumulation of acid mucopoly-
saccharide was demonstrated not to be a func-
tion of age, sex, stage of estrous cycle or dose of
estradiol used.
Our studies demonstrated an increased elabora-
tion of acid mucopolysaccharide as assessed by
Rhinehart Abul-Haj stain in hairless mice treated
with estrone in alcohol/salt base. This response
was unrelated to the concentration of estrone,
occurring with equal intensity at concentrations
of 0.04 per cent, 0.0025 per cent and 0.01 per cent.
Pregnenolone, estrone cream or cream base did
not stimulate acid mucopolysaccharide release.
Degranulation of mast cells occurred exten-
sively in all mice treated with estrone. The in-
tensity of mast cell degranulation was directly
related to the presence of acid mcopolysac-
charide in the dermis. The degranulation was
only in part attributable to estrone, because the
90/10 alcohol/salt base, alone, produced mild
degranulation. However, there was not an in-
creased amount of acid mucopolysaccharide in
the latter group.
It would appear that the increase in tissue
acid mucopolysaccharide by topically applied
estrogens is mediated through mast cell degranu-
lation. Estrone may have a trophic effect upon
the mast cells of the mouse, causing release of
granules which induce dermal edema. Schmidt
(7) noted a direct proportionality between the
hexosamine concentration and water content in
the skin of mice treated with estradiol. It is
likely there is a direct effect of estrogen on con-
nective tissue producing an increased amount of
hyaluronic acid demonstrated quantitatively by
these authors and by us using qualitative staining
methods.
Pregnenolone failed to induce acid mucopoly-
saccharide release, mast cell degranulation or
dermal edema. The cream base, irrespective
of the hormone added, produced almost uniform
epidermal hypertrophy in all mice studied.
Since all other steroid hormones were in aqueous
solvents, the increased epidermal thickness may
have been a function of the friction produced by
rubbing the cream base on the skin.
Mice were studied by staining methods for
changes in connective tissue, glycogen, elastic
tissue and fat. Periodic acid Schiff stains of the
various groups for changes in the glycogen con-
tent of the dermal connective tissue, adnexae
and epidermis failed to demonstrate significant
changes or correlations between groups. Similarly,
no distinctive changes were noted in elastic tissue
by Verhoeff stain. Mallory stains of connective
tissue and Sudan III fat stains also failed to
show significant differences in activity when
estrone, pregnenolone, cream base or combina-
tions thereof were employed.
These studies are interpreted as indicating that
topically applied estrone elicits a trophic effect
on the tissue mast cells which, by degranulation,
produce hyaluronic acid.
The avidity of hyaluronic acid for water and
the histologic evidence of dermal edema may
account for the cosmetic smoothing effect in hu-
mans of estrogenic creams claimed by some
authors. It is important, however, to recall that
morphologic similarities do not always connote
biologic relationship.
SUMMARY
1. A double blind study evaluating various
parameters of activity of topically applied estrone
and pregnenolone, was performed using a group
of 45 hairless mice of the same age and sex.
2. Estrone in concentrations of 0.04 per cent,
0.0025 per cent and 0.01 per cent in 90/l0alcohol/
salt caused extensive degranulation of mast
cells in 12 to 15 mice. In 14 of 15 mice treated
with estrone, there was extensive release of acid
mucopolysaceharide in the dermis stained by
Rhinehart Abul-Haj technic.
3. Estrone in both alcohol/salt and cream
base caused mild dermal edema in 15 of 20 mice.
This effect was present but to a lesser extent
with pregnenolone and controls, occurring in
only 8 of 24 mice.
4. There were no significant differences be-
tween groups studied by periodic acid Schiff
stain for glycogen, Verhoeff stain for elastic
tissue, Sudan III for fat and Mallory stain for
connective tissue.
5. Topically applied estrogen has a trophic
effect on the tissue mast cell stimulating degranu-
lation and production of acid mucopolysac-
charide.
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ADDENDUM
In a recent study upon "The Response of Dermal Collagen to Croton Oil
Injury" (1), an extensive and prolonged decrease in dermal collagen of ab-
dominal skin was not observed on the side of the body opposite to croton oil
injury. The age of the animals (1 year, 502 gms.) was not stressed in the above
report. Since submission of the above article, data have been presented (2) in
which a response of dermal collagen of uninjured skin of rats receiving intra-
dermal croton oil injections was observed in 200—240 gm. animals but not in rats
weighing from 500—550 gms. The results previously reported (1) for the 1 year
old animals are thus possibly characteristic only for relatively old rats.
1. SMITH, Q. T. AND WOGENSEN, J. K.: The Response of Dermal Collagen to Croton Oil
Injury. J. Invest. Derm., 40: 213, 1963.
2. HOUCK, J. C.: Effect of Age Upon the Chemistry of Inflammation. Fed. Proc., 22: 432,
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